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Advacam Semiconductors is now Advafab Oy

• Advafab offers semiconductor sensor products and services

• Hybridization and sensor manufacturing productions ATLAS, CMD, LHCb, AGIPD
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https://advafab.com/

https://advafab.com/


ADVAFAB Facilities

• MICRONOVA VTT’s and Aalto University’s R&D infrastructure with great variety of tools for 

semiconductor wafer processing

• Own cleanroom facility for flip chip bonding production and electrical testing
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ADVAFAB’s accelerated R&D 

• X-ray probing offering for Medipix family readout ASICs 

• Quality assurance of flip chip bonding and sensor quality => products & research

• Targets available: Fe, Cu, In & Cd

• Framework agreement with end user partners for application specific evaluations

Juha Kalliopuska ⎸ EUXFEL 2023 ⎸ High-Z GaAs Development by ADVAFAB

Si TPX3 module GaAs TPX1 module CdTe MPX3 module



GaAs Properties and Benefits
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GaAs properties and benefits
Benefits:

• Higher electron mobility (8800 GaAs vs 1400 Si) => “better” charge collection

• Higher average atomic number (32 GaAs vs 14 Si) => higher radiation absorption efficiency

• Small fluorescence probability and short distance of fluorescence photons (50%, 11-12 keV vs 85%, 26-31 keV CdTe)

• Wider bandgap (1.43 GaAs vs 1.12 Si)  => superior radiation hardness 

• Better stability (<0.1% GaAs vs >1% CdTe) => stable imaging properties

Juha Kalliopuska ⎸ EUXFEL 2023 ⎸ High-Z GaAs Development by ADVAFAB

*Several sources used

:Cr

Si energy range



GaAs properties and benefits
Benefits:

• Higher electron mobility (8800 GaAs vs 1400 Si) => “better” charge collection

• Higher average atomic number (32 GaAs vs 14 Si) => higher radiation absorption efficiency

• Small fluorescence probability and short distance of fluorescence photons (50%, 11-12 keV vs 85%, 26-31 keV CdTe)

• Wider bandgap (1.43 GaAs vs 1.12 Si)  => superior radiation hardness 

• Better stability (<0.1% GaAs vs >1% CdTe) => stable imaging properties

Juha Kalliopuska ⎸ EUXFEL 2023 ⎸ High-Z GaAs Development by ADVAFAB

*Several sources used

:Cr

GaAs energy range



GaAs properties and benefits
Benefits:

• Higher electron mobility (8800 GaAs vs 1400 Si) => “better” charge collection

• Higher average atomic number (32 GaAs vs 14 Si) => higher radiation absorption efficiency
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3” Cr Compensated GaAs Wafer Processing
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• In scope of our search of suitable materials for hybrid imaging 

sensors, we have studied post-growth compensation of n-type GaAs 

wafers grown by LEC method

• 3” GaAs wafers were sourced from several commercial suppliers

LEC GaAs crystal growth
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Gallium Arsenide 23.1 Bulk Growth of GaAs 505

Pulling direction

Melt

B2O3

Crystal
growth

Fig. 23.7 LEC growth. The dark-grey arrow indicates the

liquid–solid interface where growth takes place. As the

growing crystal is pulled through the molten boric oxide

it is rotated, resulting in a cylindrical boule. The boat is

rotated in the opposite direction to stir the melt efficiently.

(Courtesy Wafer Technology plc. UK)

like GaP, the internal pressures can exceed 100 atm. The

boric oxide liquefies at temperatures of a few hundred

degrees Celsius and floats to the surface of the other

materials in the crucible. At all times during the subse-

quent reaction and growth it protects the surface from

As loss. It also acts to purify the melt, probably because

of the oxidising behaviour of its water content [23.18].

If the crucible is quartz, the resulting, nominally un-

doped, crystal is n-type because of Si incorporation.

However, if the crucible is made from pyrolytic boron

nitride (pBN) the crystal is SI over its entire length

even without the introduction of Cr into the melt [23.19]

(Sect. 23.1.3).

Nearly all LEC GaAs is contaminated by boron at

concentrations up to 1018 cm−3 [23.20]. In all SI ma-

terial these B atoms take up Ga lattice sites and are

electrically inactive [23.21]. In Si-doped GaAs some of

the B atoms appear to be incorporated as an acceptor

species [23.22].

The automated growth of near-cylindrical crystals of

accurately defined diameter would make LEC the choice

of growth if it were not for the high dislocation density

found in all but the highest carrier concentration n-type

GaAs (this exception being a result of impurity hard-

ening). Uncontrolled cooling of the LEC crystal causes

the outside to contract on to the core, creating slip dis-

locations at densities of 104–105 cm−2 [23.23]. This

defect creation occurs at temperatures just below Tm

where dislocation motion by slip is easy. In addition,

high concentrations of native point defects, which allow

dislocation motion by climb, are also present. As a re-

sult, the dislocations are able to polygonise into cells,

a rearrangement that reduces their strain energies. The

final arrangement of a dislocation cell structure is the

situation that is usually seen when a wafer is assessed.

As in HB and horizontal GF growth, the crystal can

be doped n-type or p-type. Si or Te are normally used for

n-type doping while Zn is used for p-type material. As

mentioned above, an unfortunate reaction between the

melt and the boric oxide has been found to occur with Si

doping, leading to a reduction in Si uptake and consider-

able boron acceptor contamination of the GaAs [23.24].

In many cases, the concentration of B in the final crys-

tal is comparable to the Si concentration. Nevertheless,

Si remains one of the preferred donors for LEC GaAs.

LEC growth is controlled by computer and crystals

of mass up to 20 kg and diameter up to 200 mm are eas-

ily produced. Wafers of 150 mm diameter are routinely

supplied to device manufacturers from LEC crystals:

at the time of writing this article 200-mm-diameter

wafers were being made available to manufacturers for

assessment.

Growth of SI LECGaAs

The growth of nominally undoped GaAs by LEC from

a pBN crucible results in SI behaviour. Chemical anal-

ysis of this type of GaAs always finds a concentration

of carbon that is higher than the total concentrations of

all other electrically active impurities [23.21]. The high

carbon concentrations are not too surprising because not

only is carbon a possible impurity in both Ga and As but

there are many components of the LEC puller, namely

the heaters and much of the thermal insulation, which

are also made of carbon. Much work has shown that the

carbon is introduced to the Ga−As melt through the gas

phase, probably as carbon monoxide and the control of

the partial pressure of this gas can be used to control the

uptake of carbon in the crystal [23.25]. Because carbon

atoms take up As sites and act as shallow acceptors, the

resulting crystal would be expected to be p-type.

Some of the carbon acceptors are compensated by

residual concentrations of shallow donors such as sil-

icon and sulphur. The compensation of the rest of the

carbon acceptors is performed by a native deep donor

species, EL2, which pins the Fermi Energy close to the

mid-gap. However, the final resistivity of the GaAs de-

pends mainly on the carbon concentration [23.26]. The
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*Materials for electronics, Part C 23

Liquid Encapsulated

Czochralski (LEC)

Wafer batch C D E

Diameter, mm 76.2 76.2 76.2

Thickness, um 400+-25 750+-25 650+-25

Orientation (100) (100) (100)

Mobility, cm2/V∙s n/a 4187 5080

EPD, cm-2 9.3E4 5.6E4 1.1E5



• After Cr sputtering, wafers were annealed 

in protective Ar ambient

• Subsequent wafer lapping and polishing 

was performed using Logitech PM5 tool in 

Tampere University

• Wafer level process steps, lithography 

and dicing were performed in Micronova

VTT’s cleanroom facility in Espoo, Finland

• Flip chip bonding was done at Advafab

facility in Helsinki

Cr compensated GaAs 3” wafer preparation
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• For sensor production GaAs wafers are passing through annealing, polishing, 

lithography, sputtering, dicing and flip-chip bonding steps

3” Cr compensated GaAs processing: Process steps
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Chromium Compensated of GaAs Sensors 
Evaluated with TPX1

Stepan Polansky

ADVACAM s.r.o
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• Flat field and stability comparison 

• Fluorescence of Cd target was used

• Better uniformity in Advafab GaAs

• Similar stability observed
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Comparison to commercially available material

Commercial GaAs 2018

Advafab GaAs 2022

Commercial AdvaPIX TPX3 GaAs 2018Advafab MiniPIX TPX1-GaAs 2022
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Am TOT peak position and energy resolution



Chromium Compensated of GaAs Sensors 
Evaluated with TPX3

Erik Maddox, Erik Hogenbirk

Amsterdam Scientific Instruments
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Spatial resolution Si vs GaAs vs CdTe

• TPX3 detectors, X-ray tube 50 kVp, W target, 1 mm plastic cover 
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GaAs 500 um CdTe 1 mm

Sigma PSF = 0.9769Sigma PSF = 0.9411

Si 300 um

Sigma PSF = 0.9334



Chromium Compensated of GaAs Sensors 
Evaluated with MPX3

Jörn Lange

X-Spectrum

Juha Kalliopuska ⎸ EUXFEL 2023 ⎸ High-Z GaAs Development by ADVAFAB



Comparison to commercial material Mo 17.5 keV
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Uniformity

Advafab’s GaAs

Other’s GaAs



Comparison to commercial material Mo 17.5 keV

• 1st guard ring design similar

• New 2nd design improved the edge response

• Cutting done close to the guard ring to minimize non 

active area
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Edge response



Chromium Compensated of GaAs Sensors 
Evaluated with TPX2

Jan Jakubek

ADVACAM s.r.o
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TPX2 with GaAs sensor 500 μm: 
- manufactured by ADVAFAB

- Cr compensated

Expectations:
- Other High-Z sensors (CdTe, CZT) exhibit instability
- GaAs is more stable (less polarization)
- If combined with super stable TPX2 
 Super HDR Solution for imaging applications (plastics, 

biological …)

Juha Kalliopuska ⎸ iWoRid 2023 ⎸ GaAs results with TPX1, TPX3, MPX3 and TPX2



Uniformity and spectral properties
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Sn XRF (25 keV) flat field image

Result:
- Threshold 4 keV was used
 Good uniformity is achievable!



Uniformity and spectral properties
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Time over Threshold of Pb XRF (75 keV): 10% FWHM energy resolution

No signal

GaAs XRF

Threshold scan of Sn XRF (25 keV): 5% FWHM energy resolution

Charge sharing Escape peak

Result:
- Threshold 4 keV was used
 5% TS FWHM @ 25 keV is achievable!
 10% ToT FWHM @ 75 keV is achievable!



Imaging tests & stability
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Result:
- Promising first results!
 SNR of 2000 is achievable!
 More devices to be tested

At 7 kcnts/s/pixel

One of the first images

- Exposure 10x30 s => 300 s

- Median: 7.8 Mcnts/pixel

At 26 kcnts/s/pixel

Stability: Open beam, 1 hour

- Wide spread of SNR values

- Median: 2034



Stability versus intensity: 20x more?
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At 26 kcnts/s/pixel At 500 kcnts/s/pixel

High intensity: 160 Mcnts/s/mm2 !Low intensity: 8.6 Mcnts/s/mm2

Unstable 

areas 



Contribution for benefit of EUXFEL and further work

• Close R&D relationship with academic and industrial partners that operate in 

synchrotron market

• Essential to have access and evaluations done in high flux environment using 

MHz detectors => feedback & limitations

• Process development iterations to meet the demanding requirements

• Production partnership for sensor manufacturing and hybridization
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Further work

• Reduce leakage current for charge 
integrating readout electronics and 

spectroscopic diodes

• Thicker sensors ~1 mm

• Larger wafer size 3” => 4”
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